IntheTechnologicalSociety,JacquesEllul(1964)argues that education "is becoming oriented toward the specialized end of producing technicians" (p. 349). Today, American educators are being encouraged to follow this trend. Documents such as Technology for America's Economic Growth, distributed by the Clinton/Gore Administration (1993), argue for the development of an educational system that teaches technology skills for an information economy. As we move toward the new millennium, educators are encouraged to become wired and turn their schools into nodes on the Internet.
Government and industry alike are pressuring educational institutions to adopt the computer as an educational medium. Although calls for instruction suitable for an information society continue to be heard, efforts to construct and use educational software have proven disappointing, and instruction in computer literacy has not yet merited a place beside basic literacy skills. In short, computers have yet to be easily integrated into the curriculum. Still, proponents of computer technology, including Nicholas Negroponte (1995) and Seymour Papert (1993) , argue that computers are an educational medium that is superior to print-based media.
Technology critic Neil Postman (1985 Postman ( , 1995 , however, reminds us that similar utopian claims were made on behalf of television. Given television's failure as an educational medium, Postman clarifies the need to critically examine the educational implications of computers. In his book The End of Education (1995) disadvantage" (p. 192) . This article will discuss some of the advantages and the corresponding disadvantages that computer technology introduces into education ( Barnes & Strate, 1996) , and their cultural implications for educational policy.
Advantages and Disadvantages of Computers
First, a benefit of the computer is its ability to store information in a binary digital format but display it back to the user in a variety of multimedia styles. In Being Digital, Negroponte (1995) uses the word digital to emphasize the difference between media that are physically created with atoms (such as books, magazines, and videotape) and media that use the computer's digital bits to store, retrieve, and access information. From this perspective, digital media appear to make Marshall McLuhan's (1964) statement that "the medium is the message" (p. 7) irrelevant. Educators do not need to worry about the biases embedded in digital media because they can simulate any medium. This raises the following question: Do digital media imply that the message is the message and the medium is irrelevant?
Currently, research being conducted at Negroponte's Media Lab is theoretically grounded in this antiMcLuhan premise. For example, Gloriana Davenport's Elastic Media project is attempting to reconfigure analog film into digital formats without considering the biases embedded in the medium. Her project explores bringing the advantages of digital random access to film clips by letting users interactively select digital movies, just as they can randomly choose textoriented data stored on their computer hard disks (see Barron, 1989) .
Traditionally, film is presented in time as a fixed linear medium that expresses a point of view. Essential to the film experience is the ethics of film-the quality and shape of the relationships between filmmaker, subject, artwork, and audience. However, when film is stored as arbitrary digital segments, these relationships do not exist. Viewers must now edit their own version of the film and assume the role of filmmaker by selecting various scenes and connecting them together to make meaningful relationships. What is gained with computer technology is the ability to interactively select digital film segments. But what is now missing is the fixed structure of the film's composition that communicates a message to the viewer. Simply stated, by eliminating the fixed linear structure, the message disappears.
In contrast to the Media Lab's anti-McLuhan position, they are actually supporting his thesis that the medium is the message. When a filmmaker edits visual, verbal, and sound elements into a linear arrangement, a point of view is expressed. Conversely, when the elements are unconnected and left for the viewer to arrange, the point of view is eliminated. Whereas digital media make it easier to select and assemble movie elements in a variety of different ways, they undermine the linear structure of message presentation. This is the first example of technology's Faustian bargain at work.
Second, educational computer proponents, Papert (1993) and Negroponte (1995) , argue that learning by interacting with computer-simulated models is superior to learning by reading a book. This argument is reminiscent of Dewey's (1916) argument that learning through experience is the best method of education. Papert (1993) argues that the computer supports experiential learning and problem solving. Therefore, computers enhance the learning process. However, in Papert's work the real world is replaced by the microworld of computer simulation. Although there is something to be said for training and instruction using computerized virtual reality, there is always a question as to whether the simulation is an accurate model of the phenomenon represented. Whereas simulation can aid in the understanding of complex scientific concepts, it cannot replace experiences with nature and the real world.
In Papert's (1993) vision for the future of education, he wants to replace abstract print-based media with concrete computer-based media. He argues against the printed book because educators have a tendency to overvalue abstract reasoning. Papert asserts that abstract reasoning is a major obstacle to progress in education. But in his vision of education, Papert fails to realize that the computer is an abstract medium. Specifically, he neglects to understand that children who experience the world through computergenerated constructions are actually learning in an abstract, not a concrete, environment. This point is argued in detail by Steve Talbott in his book The Future Does Not Compute (1995) . Talbott states that It is true that the computer is a concrete object-a magnet focal point around which the schoolchild may happily revolve. It is also true that we can, if we choose, assimilate innumerable learning activities to the computer, interest the child in them, and thereby enable him to learn "concretely." (p. 152) But Papert (1993) has a strange definition of concrete that stresses student involvement without looking at what it is the student is involved with. Computers themselves are concrete objects. Beyond that, they host a mediated and abstract world. Although computers may be a more physically interactive medium than a book, they add another level of abstraction to the learning process because students are working with simulated rather than real objects. Whereas we gain interactivity, we simultaneously lose touch with the real world. Here again is the Faustian bargain at work.
Third, computer educators argue that hypertext, such as the World Wide Web, empowers students because they have access to a far wider range of background and contextual materials that are not possible with conventional printed books. Hypertext's ability to connect various pieces of information makes it a valuable scholarly tool for the collection and dissemination of texts. By freeing the text from the static confines of print, hypertext provides students with an interactive, individualized, student-centered learning tool that they can explore without the direct guidance of a teacher. According to Landow (1992) , "Students making use of hypertext systems participate actively in two related ways: they act as reader-authors both by choosing individual paths through linked primary and secondary texts and by adding texts and links to the [hypertext itself]" (p. 121).
Similarly, hypertext writing demands additional active collaboration between student and teacher and be-tween student and student. This collaborative use of texts is not possible in the world of print technology. As a result, Barrett (1992) argues that the active participation of hypertext readers-writers creates a new form of social interaction that turns hypertext into a "sociomedia." He states that hypertext "forces us to look outward from the machine into the complex interaction of human relationships which define 'education' " (p. 9). Along the same lines, Stephanie Gibson (1996) argues that hypertext, when properly used, has the potential to undermine hierarchical relationships between student and teacher, and student and textbook. As a result, hypertext makes education more democratic.
However, it should be noted that the hierarchical and linear organization of knowledge is a key characteristic of current print-based education. Although potentially democratizing education, hypertext simultaneously destroys the print-based organization of knowledge. Teaching children to understand the orderly unfolding of a plot or a logical argument is a crucial part of contemporary education. The presentation of broken hypertexts erodes the deep structures embedded in linear literate modes of communication. In this sense, hypertext may reinforce and accentuate television's tendency toward discontinuity and incoherence.
Furthermore, educators who are introducing hypertext into the classroom have noticed that users get lost. The same hypertext program that allows a search through vast amounts of material has the propensity to lose the user in hyperspace. Students frequently do not know where they are, how they got there, and how to find the information they are looking for. As a result, hypertext may contribute to the electronic media's tendency to overload us with information, which in turn leads to a sense of impotence.
Technology and Literacy Gap
An additional argument against hypertext is the fact that it further technologizes the word, creating a huge social gap between techno-literates and technoilliterates, between those who can ride the technological wave to financial rewards and those who must remain outside its direct influence. Gerald M. Phillips (1994) , in an essay entitled "A Nightmare Scenario: Literacy & Technology," asserts that
In a world where technology and literacy marry, we can expect to see an increase in functional illiteracy. There are estimates that as many [as] 40% of the people in our society are currently functionally illiterate. The equivocal phrase appears to mean that people watch too much television and do not read so many books. We can expect functional illiteracy to rise when people discover what technology skills they must master to cope with the world in which they will live. (p. 62) Whereas Postman (1985) asserts that television "amuses us to death," Phillips argues that computer technology is "overwhelming us." Computers add additional levels of literacy skills to traditional skills, and when people discover this they will not want to take the time to become literate. Phillips also points out that "whatever glowing words are said about the wonders of computer communication . . . the bottom line is that the computer is a literate and linear machine. It employs binary mathematics and depends on grammar. When humans fail to follow the rules, the machine does not respond correctly" (p. 52). Knowledge of these rules is the essence of computer literacy. In 1982, the Association for Computing Machinery listed the following as requirements for teachers to be considered computer literate:
• be able to read and write a simple program, • have experience using educational software and manuals, • have a working knowledge of computer terminology, • be able to discuss the history of computers, and • be able to discuss the moral or human impact issues (Martin & Heller, 1982, p. 46) . Now, 15 years after the introduction of computers in education, this definition has changed. According to Papert (1993) , computer literacy has come to be defined as a very minimal practical knowledge about computers. Today, we tend to consider anyone who can turn on a computer and access a word processing program to be computer literate. But this is simply not the case, no more than knowing how to use a remote control device means that we understand how a television program is produced and how shots and scenes are combined to produce significant messages. True computer literacy, knowledge of the rules of computing and programming, is a source of power in an information society. The social gap between techno-literates and techno-illiterates ultimately is a power gap as well, Barnes / A CULTURAL FAUSTIAN BARGAIN 13 one that seems likely to favor economic and social stratification.
Although hypertext proponents argue that computers democratize education, hypertext does not support linear and literate methods of thinking that are a foundation for computer literacy. Consequently, replacing print-based media with computer media could create a major social literacy gap. This is the final and most significant Faustian bargain that we could make with computers.
Cultural Implications
Educators have mixed reactions to the introduction of computers into education. One reason is because they are aware that "each medium has its own profile of cognitive advantages and disadvantages, and each medium can be used to enhance the impact of the others. In short, to return to Marshall McLuhan, each medium has its own message" (Greenfield, 1984, p. 178 ). Before we replace traditional educational media with computers, we should better understand the advantages and disadvantages of computer-mediated environments. To avoid entering into a Faustian bargain with computers, educators need to ask the simple question: Why? Why is the computer a better medium? What advantages does it bring to the learning process? In many cases, we may be surprised to learn that the answer is it is not a better educational medium. Moreover, the disadvantages may counter the advantages.
But asking these questions is only the beginning. More important, educators need to examine the rhetoric and assumptions of government policies toward technology and education. In the United States, government and industry are encouraging educators to integrate computing into the curriculum by donating machines, setting up grant programs, and asking schools to connect to the Internet. The goal is to focus on developing high-tech literacy for an information economy. Bill Clinton said the following in his recent State of the Union Address:
Tenth, we must bring the power of the Information Age into all our schools. Last year I challenged America to connect every classroom and library to the Internet by the year 2000, so that, for the first time in history, a child in the most isolated rural town, the most comfortable suburb, the poorest inner-city school will have the same access to the same universe of knowledge. I ask your support to complete this historic mission. (as cited in Harrison, 1997, p. 32) Bringing the Information Age into all our schools by connecting classrooms to the information highway makes an assumption about the nature of education. The information highway metaphor (promoted by Vice President Al Gore) implies moving information from one place to another. When applied to education, however, it seems to assume that access to information is education. More and more, this notion is filtering into educational discourse. There seems to be a growing misunderstanding between delivering a message and the goals of teaching and learning. Sending the same message to every classroom in America does not mean that every student will be able to understand it. Although a first-, second-, or third-grade student will be able to click on an icon with a mouse and access information, reading and comprehending the information requires traditional literacy skills. Mastery of traditional literacy skills creates a power balance in computer-mediated communication. Danny Goodman (1994) states that Even if the most compelling applications should become available at no or low cost tomorrow, there would still be a significant division between the literate and illiterate members of our society. These groups, in my opinion, are the true "haves" and "have-nots" on the information superhighway. If a person can't read text that comes down the off-ramp, then it's not text or information: it's visual noise. (pp. 105-106) Lost in the techno-rhetoric of the information highway is a basic understanding of literacy. Somehow the concept of information access overshadows the reality that there are estimates that 40% to 50% of the American population is currently illiterate. By the year 2000, everyone may have access to the Internet. But how many people will be able to read the information? Moreover, how many will be able to understand it?
In contrast to the American approach to literacy is a Canadian perspective.
1 The following is a quote from Joyce Fairbairn (1995) , a Canadian minister with special responsibility for literacy:
There is no one right goal for our literacy activities. As a minister, it is my responsibility to make every effort to convince Canadians of the value of literacy and of the importance of our efforts to 14 BULLETIN OF SCIENCE, TECHNOLOGY & SOCIETY / February 1999 improve Canadians' literacy skills. We must speak of personal development and of the many ways that literacy enriches our lives. We must speak about how literacy enables citizens to participate fully and productively in their society and government. We must speak of how we are building a learning society where people need better skills to deal with technological change and to gain access to jobs in service industries that rely on Canadians' creativity and analytical skills. Our learning society requires Canadians not only to read, but to read well. Even if computer/Internet literacy was a mandate, the correct curriculum path would not be Internet first. It might be something like: Reading/writing literacy, typing/keyboarding/general computer literacy, a variety of computer application programs, computer mechanics and ethicsthen the Internet. (p. 32) Literacy in the information society is the most complex form of literacy we have ever known because it adds additional levels of computer literacy skills to traditional skills (see Barnes, 1996) . For example, in addition to traditional writing skills, journalists working on World Wide Web sites need to be graphic designers and HTML (hypertext mark up language) programmers. Learning these additional skills is very time consuming and many of them have not been fully integrated into the curriculum. Moreover, the relationship between technology and literacy has not been carefully examined. In the United States, access to information seems to be equated with being literate. But this is simply not the case. Phillips's (1994) description of a nightmare scenario for the future of literacy becomes even darker when we look at the World Wide Web. Web designers are adding more television-like features to the Internet. In the past, educators have fought to keep television out of the classroom. Today, many American educators do not seem to realize that the Web is becoming television! Clinton's proposal puts a televisionoriented medium directly in schools and the classroom. A future of Web-based learning through the Internet and PC-TVs does not look good for improving the declining literacy skills in the United States. Replacing textbooks with the World Wide Web could amuse some students and overwhelm others.
Conclusion
We need to examine the possible consequences of replacing traditional print-based learning tools with computers in all aspects of education, including the classroom, the home, and distance learning through the Internet. Although the Internet attempts to equalize access to information, focusing on access rather than actual literacy issues could further the problem of illiteracy in the United States and elsewhere. Instead of making education more democratic, computers could widen the gap between people who are technologically literate and those who are completely illiterate.
Note
1. There is currently a literacy movement in Canada; however, the prevailing perspective of the Canadian government is to develop an information highway for the delivery of educational information that is similar to the one under development in the United States.
